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, $P$ , $S\in N$
( )
. $\epsilon$ , $Aarrow\epsilon$
.
, \epsilon -
, . $G$ $Aarrow a\beta$
, , $G$ Greibach . ,
, $A\in N,$ $a\in E,$ $\beta$ \in N‘ .
. $G=$ $(N, E,P, S)$ ,
, 2- [2] .
[6]. . $P$ , Qeibach .
,
$Aarrow a\beta$ , $|\beta|\leq 2$ .
, , 2-
, [2].
. $P$ $\backslash$ $\epsilon$- ,
, , , $G$
. . (1) $Aarrow aBc,$ (2) $Aarrow aB,$ (3) $Aarrow Bc$ ,
(4) $Aarrow c$. , $A,$ $B\in N$ , $a,$ $b,$ $c\in\Sigma$
, [5] .
[4] $Aarrow a\beta\in P$ $\gamma,\gamma’\in(N\cup\Sigma)^{*}$
. [4] , , $\gamma A\gamma$’ $\gamma a\beta\gamma$’ $\gamma A\gamma’arrow G$ $\gamma a\beta\gamma’$
. $\alpha,$ $\alpha’\in(N\cup\Sigma)^{*}$ 0
, , $\alpha_{G}^{*}\Rightarrow\alpha’$ , $G$ ,
. $\alpha\Rightarrow^{*}\alpha’$
, $\gamma\in(N\cup \mathrm{E})^{*}$ $L_{G}(\gamma)=\{w\in$
$\Sigma^{*}|\gamma_{c}^{*}\Rightarrow w$ } $\gamma$ .
. $L_{G}(S)$ $G$ , $L(G)$ .
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$G=$ $(N, \Sigma, P, S)$ , $Q$ .
$\alpha,$ $\beta\in(N\cup\Sigma)$ ‘ $S\Rightarrow^{*}\alpha A\beta G$
$Q$ $=$ { $u_{A}ay_{A}|A\in N,$ $A$ \rightarrow a $P$ }
$A\in N$ , $L_{G}(A)\neq\emptyset$
$A\in N$ live . $\cup\{u_{A}v$B$w_{B}x$B$yA|A\in N,$ $v$B,
$x_{b} \in\sum^{*}$ ,




. $G=(N, E, P, S)$
, [2][3] .
.
1. $A,$ $B\in N$ $a,c\in\Sigma$ , $Aarrow$
1 $G=$ $(N, E,P, S)$ , $aBc$ $P$ , $B\neq$
. $Q\subseteq L$ (G) , $C$ $C\in N$ , $Aarrow aCc$
$G$ (representative sample) $Aarrow aC$ $P$
. .. $G$ $Aarrow\beta$ 2. $A,$ $B\in N$ $a\in\Sigma$ , $Aarrow$
, $s\Rightarrow^{*}\gamma_{1}A\gamma_{2}\gamma_{1}\beta\gamma_{2}\Rightarrow w\vec{G}*$ $w\in$ $a$B $P$ ,
$Q$ . , $\beta,\gamma_{1}$ , \gamma 2\in (N\cup \Sigma .
, $A\in N$ . . $B\neq C$ $C\in N$ ,
$G$ , $c\in\Sigma$ , $Aarrow aC$
$w\in L$(G) $Aarrow aCc$ $P$
, “ .
$L$ (G) ” . . , $D\in N$ ,
, $b\in\Sigma$ , $Aarrow Db$
. $P$ .
2 $L$ , $Q\subseteq L$ 3. $A,$ $B\in N$ $a\in\Sigma$ , $Aarrow$
, $Q$ $L(G)=L$ $Ba$ $P$ ,
$G$ .
.
$\bullet$ $B\neq C$ $C\in N$ ,
, $c\in\Sigma$ , $Aarrow Ca$
. $Aarrow cCa$ $P$
3 $G=$ $(N, \Sigma, P, S)$ .
, $|N|$ $|\Sigma|$ . , $D\in N$ ,
. $b\in\Sigma$ , $Aarrow bD$
( ) $A\in N$ , $P$ .
$u_{A}$ ,y , $w_{A}\in\Sigma^{*}$ .. $S\Rightarrow^{*}u_{A}Ay_{A}$ , $S\Rightarrow uAy*$ ,
$u,$ $y\in\Sigma^{*}$ $|uA|+|y_{A}|\leq$ . ,
$|u|+|y|$ .. $w_{A}\in L_{G}$ (A) , $w\in L_{G}$ (A) 4 , .
$w\in\Sigma^{+}$ $|w_{A}|\leq|w|$ . ( ) $G_{\mathrm{r}}=(N_{r}, E, P_{r}, S_{r})$ ,
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$Aarrow aB$ $\mathrm{a}$ , $Aarrow a$ . . ,
, $A,$ $B\in N_{r},$ $a\in\Sigma$ . , $Aarrow aB$
$P_{r}$ , $B\neq C$ $C\in N_{r}$ [6]
, $Aarrow aC$ $P_{r}$ .
. , , $w$ $\in$ $\Sigma^{+}$ $\sigma$
, $G_{w}=$ $(R, \Sigma, P_{w}, S_{w})$ . , $R_{w}=$
. $\{(u_{1}, u_{2}, u_{3})|u_{1}, u_{3}\in\Sigma^{*}, u_{2}\in E^{+}, u_{1}u_{2}u\mathrm{s}=w\}$,
$S_{w}=$ $(\epsilon, w,\epsilon)$ ,
5 ,
. $P_{w}$ $=$ {(v1, $a,v_{3}$ ) $arrow a|a\in E,v$1, $v_{3}\in\Sigma^{*}$ ,
( ) , $(v_{1},a, v\mathrm{s})\in R_{w}\}$
, , $\cup$ {(v1, $av_{2},v_{3}$ ) $arrow a\cdot$ (v1a, $v_{2},v_{3}$ ) $|a\in E$ ,
. , $L_{1}=\{a^{1}.b^{\dot{*}}|i\geq$
$v_{1},$ $v_{3}\in\Sigma^{*},$




$\cup$ {(v1, $v_{2}a,v_{3}$ ) $arrow(v_{1},v2, av_{3})\cdot a|a\in\Sigma$ ,
6 $G=$ $(N, E, P, S)$ , $v_{1},v_{3}\in\Sigma^{*},v_{2}\in\Sigma^{+},$ $(v_{1},v_{2}a,v_{3})$ ,
$w\in L$(G) . , $w_{1}aubw_{2}=w$
$(v_{1}, v_{2}, av_{3})\in R_{w}\}$
, $w_{1},$ $w_{2}\in\Sigma^{*},$ $a$ , $b\in E,$ $u\in\Sigma^{+}$ ,




. , $A$ $(v_{1},av_{2}b,v_{3}),$ (v1a, $v_{2},$ $bv_{3}$) $\in R_{w}\}$
, $P$ .
. $G=$ $(N, E,P, S)$ ,
( ) , $Aarrow aB,$ $A$ \rightarrow 1
$Bb,$ $Aarrow aBb$ , 1
$\delta\not\in N$ .
$P$ . , . , $G$ , $G$
, $L_{t}$ , $G_{t}$ $=$ .
, $w$
$(N_{t}, \Sigma,P_{t}, S,)$ $L_{t}=L$ (Gt)
, $G_{w}$. , $L_{t}\neq\emptyset$ .
$L_{t}$
.
, $Q$ $w$MEMBER(w) .
$G_{w}$ , $G_{\mathrm{a}11}$
: $w$ .
:yes ... if $w\in L_{t}$
no ... if $w\not\in L_{t}$
$G_{\mathrm{a}11}$ $=$
$(\mathrm{U}^{R_{w},\Sigma}w\in Q’ w\in Q\cup P_{w},S_{w})$
3








$P_{\mathrm{a}}$ll $=$ $w \in\bigcup_{\mathit{0}^{P_{w}}}$
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. $Q$ $=$ {aabb}
, $Q$ , $W$ $=$ {a, $b$ , ab, $aa,$ $bb,$ $aab,$ $abb$, aabb}
$G_{t}$ $=$
$(N_{t}, \Sigma, P_{t}, S_{t})$ , .
7 , $G_{\mathrm{a}11}$ 1:
$R_{\mathrm{a}11}$ $R’$ $R’$ $N_{t}$
$f$ : $R’arrow N_{t}$ .
( ): $P_{t}$ $Aarrow uBw$ ,
$A=f$(r1), $B=f$(r2) $r_{1}arrow u\cdot r_{2}\cdot w$ $G_{\mathrm{a}11}$
$r_{1},$ $r_{2}\in R$’ .
, $A,$ $B\in N_{t},$ $u$ , $w\in\Sigma^{*}$ .








1. $Q$ $G_{\mathrm{a}11}$ . 8 $R$
$=\pi$ .
$r,$ $r’\in R$ ,
2. $G_{\mathrm{a}11}$ ,
. $r^{\pi}=r$’ $\Leftrightarrow T$ (r, $w$) $=T$(r’, $w$ ) $(\forall w\in W)$
$B(r, \pi)=$ {$r’\in R|$ $r’$ $r$} . $\square$
3.2 , $(\epsilon,v,\epsilon)$ $R$
$\mathrm{H}^{\mathrm{I}}1$ , $B((\epsilon, w,\epsilon), \pi)$ . ,






. , $\pi_{2}$ $\pi_{1}$ $\backslash$ , .
$R$ $=$ {(x, $y,$ $z$) $|x,$ $z\in\Sigma^{*},y\in\Sigma^{+},$ $x$ . $y\cdot z\in Q$ } $=\pi$ $G_{\mathrm{a}11}$
$\cup\{(\epsilon, w,\epsilon)|w\in Q\}$ ,
$G_{\pi}=$ ($R/\pi,$ $\Sigma$ , $P_{\mathrm{a}11}/\pi,$ $S$a1l) .
$T$ : $R\cross\Sigma^{*}arrow\{0,1\}$ .
, $R/\pi$ $=$ $\{B(r, \pi)|r\in R\}$ ,
$T((u, v, w),x)=MEMBER(u\cdot x\cdot w)$
.
1
$P_{\mathrm{a}11}/\pi$ $=$ $\{B(r1,\pi)arrow a$ $|$ $a\in\Sigma$ , $r_{1}\in R$ ,
$(r_{1}arrow a)\in P_{\mathrm{a}11}\}$
$\cup$ { $B(r_{1},\pi)arrow$ aB(r2, $\pi$) $|$ $a\in\Sigma$ , $r_{1}$ ,r2
$\in R,$ $(r_{1}arrow ar_{2})\in$ Pai1}
$L_{t}$ $=$ $\{a^{:}b^{\dot{l}}|i\geq 1\}$ $\cup$ { $B(r_{1},\pi)arrow$ B(r2, $\pi$)a $|$ $a\in\Sigma$ , $r_{1},r_{2}$
$G_{t}$ $=$ $(\{S,A\}, \{a,b\},Pt,S)$ $\in R,$ $(r_{1}arrow r_{2}a)\in P_{\mathrm{a}1}$1}
$P_{t}$ $=$ $\{Sarrow Ab,Aarrow aAb,Aarrow a\}$ $\cup$ { $B(r_{1},\pi)arrow$ aB(r2, $\pi$)b $|$ a, $b\in\Sigma$ , $r_{1}$ ,
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$r_{2}\in R,$ $(r_{1}arrow ar_{2}b)\in P_{\mathrm{a}11}\}$ $B$ (r, $\pi$ ) $\in R/\pi$ $w\in W$ ,
$S_{\mathrm{a}11}$ $=$ $B((\epsilon, w,\epsilon), \pi)$
$T(r, w)=1\Leftrightarrow B(r, \pi)\Rightarrow^{*}wc_{1}$
$w\in Q$ $Q$
. .
$G_{\pi}$ ( ) $w$ . $|w|=1$
. , $A,$ $B\in R/\pi$ , $a\in\Sigma$ . , $P_{1}$ $P_{E}\subseteq P_{1}$ .
$|w|\leq n$ , $|w|=n+1$
9 $u_{1},$ $u_{2}\in\Sigma^{*},$ $A$ , $B\in R/\pi$ , $Aarrow$ . $P_{\mathrm{a}11}/\pi$ , $P_{1}$
$u_{1}Bu_{2}$ $P_{\mathrm{a}11}/\pi$ . $T$(r, $w$ ) $=1$ , $P_{1}$
, $r_{A}\in B$ (rA, $\pi$) $=A,$ $r_{B}\in B$ (rB, $\pi$) $=B$ , $B(r,\pi)arrow u_{1}B$(r’, $\pi$) $u$’
. , $T(r_{A},u_{1}wu_{2})\neq T(r_{B},w)$
$T$(r’, $w’$) $=1$ . , $w’\in\Sigma^{+}$
$w\in W$ , $Aarrow u_{1}Bu_{2}$ $P_{\mathrm{a}11}/\pi$
$u_{1}w’ u_{3}=w$ , $|u_{1}|+|u_{3}|\geq 1$
. $\square$ . , $T$ (r’, $w’$ ) $.=1$ ,
, $B$ $w$ , $A$ $w’\in L_{G_{1}}$ ($B$ (r’, $\pi$)) .
$u_{1}wu_{2}$ , , $T$ (r, $w$ ) $=1$ ,
$Aarrow u_{1}Bu_{2}$ . $w\in L_{G_{1}}$ ($B$ (r, $\pi$)) , . $\square$
, .
, $P_{E}\subseteq P_{1}\subseteq P_{\mathrm{a}11}/\pi$
10 $u_{1},u_{2}\in\Sigma^{*},$ $A$ , $B\in R/\pi$ , $Aarrow$ $P_{1}$
$u_{1}Bu_{2}$ $P_{\mathrm{a}11}/\pi$ , . ,
, $r_{A}\in B(r_{A}, \pi)=A,$ $r$B $\in B(r_{B}, \pi)=B$ ,
. , $T$ (rB, $w$ ) $=1$ , . ,
$w\not\in L_{G_{\pi}}$ (B) $w\in W$
, $Aarrow u_{1}Bu_{2}$ $P_{\mathrm{a}11}/\pi$ . .
,, $B$ $w$ ,
$\mathrm{G}$ .
, $B$
. 1. $P_{0}=P_{\Sigma}$ .
,
. 2. $A\in R/\pi$ . $a=b$ 2
, $|P_{\mathrm{a}11}/\pi|$ , $a,$
$b\in\Sigma$




. , $P_{\mathrm{a}11}/\pi$ 3. $P_{\mathrm{a}\mathrm{u}}/\pi$ $Aarrow aB,$ $A$ \rightarrow Bc
$Aarrow a(a\in\Sigma)$ , $P_{0}$
$P_{\Sigma}$ ,
. , $P_{0}$ . ,
11 $Px\subseteq P_{1}\subseteq P_{\mathrm{a}11}/\pi$ .
$P_{1}$ , $y\in Q$ ,
4. ,
$G_{1}=$ $(R/\pi, \Sigma, P_{1},B((\epsilon,y,\epsilon),\pi))$ $G_{0}=(R/\pi, E\rangle P_{0}, S_{\mathrm{a}11})$ .
$G_{1}$ .
, $G_{1}$ live
5. $P_{\mathrm{a}11}/\pi$ $A$ $arrow$ $u_{1}Bu_{2}$
$(u_{1},u_{2}\in\Sigma^{*})$ , $P(Aarrow u_{1}Bu_{2})$
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. $P_{0}’$ $P\mathit{0}$ $Aarrow u_{1}Bu_{2}$




. $R:=\{(x, y,z)|x, z\in\Sigma^{*},y\in\Sigma^{+},x.y\cdot z\in Q\}$;
,
$W:=\{y\in\Sigma^{+}|x,z\in\Sigma^{*},x.y\cdot z\in Q\}$ ;
do
. , $=\pi$ ;
9, 10 ,
6. $\mathrm{G}=\{G$(A $arrow u_{1}Bu_{2}$ ) $|G(Aarrow u_{1}Bu_{2})=$ $P_{\mathrm{a}11}/\pi$ ;
$(R/\pi, \Sigma, P(Aarrow u_{1}Bu_{2}), s_{\mathrm{a}11}),$ $(Aarrow u_{1}Bu_{2})$
$\mathrm{G}$ ;
$W’:=\emptyset$ ;
$\in P_{\mathrm{a}11}/\pi\}$ . for every pair of $G_{1},$ $G_{2}\in \mathrm{G}$ and
every $A\in R/\pi$ do
$\mathrm{G}$ , $w\in(L_{G_{1}}(A)-L_{G_{2}}(A))\cup$ ($L_{G_{2}}(A)-L_{G_{1}}($A))
. $|w|$ $w$ ;
$W’:=W’\cup\{w\}$ ;
$A\in R/\pi$ $G_{1}\neq G_{2}$ done
for all $w\in W’\mathrm{d}$o
$G_{1},$ $G_{2}\in \mathrm{G}$ ,
$W:=W\cup\{y\in\Sigma^{+}|x,z\in\Sigma^{*},x\cdot y\cdot z=w\}$ ;
done




$G\in \mathrm{G}$ , ,
$w\in(LG_{1}(A)-L_{G_{2}}(A))\cup$
. $(u_{1},u_{2},u_{3})\in R/\pi$ $r_{A}$
($L_{G_{2}}(A)-L_{G_{1}}($A))
. , $w\in\Sigma^{*}$ , $|w|$
$W$ , .
$w\in L_{G}(B(r_{A}, \pi))\Leftrightarrow w\in L_{G_{t}}(A)$
, . ,
1 .
$|w|=1$ , $G\in \mathrm{G}$




$w_{1}Bw_{2}(A, B\in N_{t}, w_{1},w_{2}\in E^{\mathrm{r}})$
12 $A\in R/\pi$ , $G_{1},$ $G_{2}\in$
$B(r_{A},\pi)arrow w_{1}B(r_{B},\pi)$w2 $P_{\mathrm{a}\mathrm{u}}/\pi$
$\mathrm{G}(G_{1}\neq G_{2})$ , $L_{G_{1}}(A)=L_{G_{2}}$ (A) . , $A\in N_{t}$
, $G\in \mathrm{G}$ $L(G)=L_{t}$
$w\in\Sigma^{+}(|w|=n+1)$ , $G’\in \mathrm{G}$
. ,
( ) , $A\in N_{t}$
, $B((u_{1},u_{2},u_{3}), \pi)\in R/\pi$ , $w\in L_{G_{t}}(A)\Leftrightarrow w\in L_{G^{l}}(B(r_{A},\pi))$
$S_{t_{G_{l}}^{\Rightarrow^{*}}}u_{1}Au_{2}$
,
$S_{\mathrm{a}11}\Rightarrow^{*}u_{1}B$ ( $(u_{1},u_{2},$ us),$\pi G$ )u2
. , $G\in \mathrm{G}$ ,




, $L_{G_{1}}(A)\neq L_{G_{2}}$ (A) $G_{1},$ $G_{2}\in$ 4
$\mathrm{G}$ $A\in R/\pi$ ,
, ,.
13 $R,$ $W,$ $T$ , . ,
$P_{\mathrm{a}11}/\pi$ . $G_{1},$ $G_{2}\in \mathrm{G}$
$A\in R/\pi$ , $w\in$ ($L_{G_{1}}(A)-L_{G_{2}}($A)) .
($L_{G_{2}}(A)-L_{G_{1}}($A)) .






1. $u,$ $v\in\Sigma^{*}$ $r_{0},$ $r_{1}\in R$ ,
. PAC
.. $B$(r0, $\pi$) $arrow uB$ (r1, $\pi$) $v$ 1
$P_{\mathrm{a}11}/\pi$ ,. $B(r_{0},\pi’)arrow aB$(r1, $\pi’$ ) $v$
$P_{\mathrm{a}11}/\pi’$ . [1] $\mathrm{D}.$ Angluin, Leaming regular languages ffom
queries and counterexamples, Inf. &Comp. 75
2. $\pi’$ . $\pi$ (1987) 87-106.
.
[2] M. A. Harrison, Introduction to Formal Lan-
( ) , $\pi$ $\pi’$ guage $\mathrm{T}$heory, Addison-Wesley, ffiading, MA,
, $P_{\mathrm{a}11}/\pi=P_{\mathrm{a}11}/\pi’$ . , 1978.
$r\in R$ $L_{G_{1}}$ ( $B$ (r, $\pi)$ ) $=L_{G_{1}}$ ($B($r, $\pi’)$ )
$L_{G_{2}}$ (B(r, $\pi)$ ) $=L_{G_{2}}$ (B(r, $\pi’)$ ) .
[3] $\mathrm{J}$ . $\mathrm{E}.$ Hopcroft, $\mathrm{J}$ . $\mathrm{D}.$ Ullman, Introduction to
Automata $\mathrm{T}\mathrm{h}\infty \mathrm{r}\mathrm{y}$, Lmguages, and Computa-, $w\in L_{G_{1}}$ (B($r$, )-
tion, Addison-Wesley, $\mathrm{r}$. , MA, 1979.
$L_{G_{2}}$ ($B$ (r, $\pi’$)) ,
, 11 $T(r,w)=1$ $T(r, w)=0$ [4] $\mathrm{C}.$ de la Higuera, $\mathrm{J}.$ Oncina, Inferring deter-
. , . ministic linear languages, 15th Ann. Conf. on
Computational Learning $\mathrm{T}\mathrm{h}\infty \mathrm{r}\mathrm{y}-$ COLT2002,
13 , 1 \Lambda , LNAI 2375(2002)185-200.
$|P_{\mathrm{a}11}|$ , $W’=\emptyset$ .
12 , [5]
$\mathrm{Y}.$ TaMa, $\mathrm{A}$ hierarchy $\mathrm{o}$flanguage $\mathrm{f}\mathrm{a}\mathrm{i}\mathrm{l}\mathrm{l}\infty$
. , learnable by refflar hnguage leming,
$\mathrm{h}$f. &
Comp. 123(1995)138-145.
. [6] $\mathrm{Y}.$ Tajin$\mathrm{a}$ , $\mathrm{E}.$ Tomita, $\mathrm{A}$ polynomial $\mathrm{t}\mathrm{i}\mathrm{m}\epsilon$
learning algorithm of sinple deterministic lan-
14 , guages via membership queriae $\mathrm{m}$darepresen$\cdot$
. , tative smple, Proc. 5th $\mathrm{h}\mathrm{t}$ . $\mathrm{c}_{0}\mathrm{u}.$ on Gram$\cdot$
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